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Abstract

Atherosclerosis is the focal expression within the artery of a systemic disease, in which traditional cardiovascular risk factors and immune factors play a key role. It is well accepted that circulating biomarkers, reliably predict major cardiovascular events, including acute coronary syndromes (ACS) or death. The therapeutic management of patients with ACS in the last decade has shown a dramatic evolution in the understanding of reperfusion. The constant changes in the methodology of reperfusion invite to integrate the recent findings for a better management in the contemporary clinical practice [1-5].

Serum biomarkers reflecting the activity of biological processes involved in plaque growth or destabilization may provide great help in establishing the appropriate clinical management, and therapeutic interventions. The medicine based evidence strongly suggests the importance of an inflammatory ethiology in the ACS. The traditional coronary risk factors are known to terminate in a common final pathway that develops an inflammatory process in the artery wall [6,7]. Recent evidence indicates that the first steps in atherosclerosis are inflammatory in nature. The discovery of macrophages, T limphocytes, dendritic cells, and mast cells in atherosclerotic lesions; the detection of HLA class II antigen expression; and the finding of secretion of several cytokines point to the involvement of immune inflammatory mechanisms in the pathogenesis of atherosclerosis. Furthermore, atherosclerotic lesions contain immunoglobulin deposits and complement, strongly suggesting the involvement of complement activation in atherogenesis. Bacterial and viral infections have been implicated as potential initiating factors. Infections are known to increase blood viscosity, cause hypercoagulability, and influence the serum lipid profile. Endotoxin may also contribute to endothelial cell production of free radicals which may oxidize LDL-cholesterol [6-9]. In this inflammatory status several substances are liberated, namely, cytokines, C-reactive protein, tissue factors, that facilitates the development of arterial thrombus. Therefore, several Inflammatory markers are elevated in ACS. The sytemic levels of inflammatory marker in patients with stable angina are somewhat lower than those found in the ACS. The continuous refinements in the different therapeutic strategies, the combination of scientific understanding in the adequate utilization of novel inflammatory markers, the new pharmacologic agents, and the new techniques in PCI with newer drugeluting stents will dissipate our doubts and improve our therapeutic management in ACS based on medical evidence. Interesting work has been accomplished in characterizing the source of inflammation in ACS. However, further studies are needed to clearly define the systemic, coronary plaque or myocardial source of inflammation to improve the therapeutic maneuvers to manage this very complex entity.



Introduction

Inflammation of the artery wall is a critical component of atherosclerosis and brings about several pathological changes within the vessel wall such as edema, vasa vasorum dilation and proliferation, and immune cells infiltration. This atherosclerotic plaque formation is a chronic process starting early in life. Luminal narrowing is determined by gradual plaque growth and arterial remodeling. Plaque accumulation can be compensated for by expansive remodeling of the vessel wall, however, failure to enlarge and even constrictive remodeling also frequently occur [10,11]. The risk of plaque rupture depends on plaque composition rather than on plaque size. Lesions with a large lipid core and increase macrophage infiltration may have a higher risk for disruption than sclerotic plaques. It is now known that a soft lipid-rich core, a thin cap and inflammation in cap and shoulders of the plaque make it vulnerable for rupture [12,13].

A systemic inflammatory response often accompanies ACS, and its presence has been widely recognized as a marker of further coronary events [14]. Accumulating evidence suggests that inflammation within the atherosclerotic plaque contributes to its destabilization and subsequent disruption [15-17]. Although debatable, the widely held view is that systemic inflammation in unstable angina originates from inflammatory proccess within the arterial wall after plaque disruption. Inflammation of the cap is considered as an important mechanism underlying cap destruction. Evidence for a role of inflammation in plaque rupture has been demonstrated by localization of inflammation and plaque rupture sites [12,16-19]. Evidence for local inmunological activation has been provided by the demonstration of activated T lymphocytes and macrophages and extensive expression of human leucocyte antigen class II molecules in the atherosclerotic plaque [20].

However, the focus of inflammation may not precisely reside within the coronary vessel itself but rather in the injured myocardium distal to the disrupted plaque. Therefore, the precise location and stimulus for the inflammatory response in ACS remains to be determined. Microscopic multifocal myocardial infarction associated with embolized platelet microthrombi has been well described in ACS and is believed to be the mechanism for the elevation in troponin T found in these patients [21,22]. On the other hand, several elevated systemic markers of inflammation were found to predict adverse events in patients with ACS. C-reactive protein, a non-specific marker of inflammation that also has a direct inflammatory activity in atherosclerosis has been associated with adverse cardiovascular outcomes in patients with coronary artery disease.

Suzuki et al. [23] provided insight into the link between systemic and coronary levels of inflammation which is associated with vulnerable coronary morphology in the setting of ACS. They examined systemic and culprit coronary levels of three inflammatory mediators such as high sensitive C-reactive protein (hs-CRP), interleukin-6 (IL-6), and matrix metalloproteinase-9 (MMP-9) in patients with the early phase of acute myocardial infarction (AMI). The measurements of culprit coronary levels of inflammatory markers were performed in the thrombus retrieved by the rescue percutaneous thrombectomy device. The morphology of the plaque was assessed with intravascular ultrasound. Suzuki et al. [23] found a nearly equivalent amount between systemic and culprit coronary levels of hs-CRP, but significantly higher concentrations of coronary levels of both IL-6 and MMP-9. These findings suggest a systemic production of acute phase CRP at the onset of ACS, and local production of both IL-6 and MMP-9 in culprit coronary lesions. They also found a positive relation of systemic levels of hs-CRP with coronary levels of IL-6 and suppose that systemic elevation of acute phase protein in response to culprit coronary production of inflammatory cytokines such as IL-6 may be the underlying mechanism of the link between systemic and coronary inflammation in the setting of ACS. Although, these inflammatory markers were measured at the early phase of AMI with minimal elevation of serum creatine kinase levels in order to minimize the influence of AMI in both systemic and coronary levels of inflammation, It is not known to what extent and the exact influence that myocardial cell damage might have exerted on the inflammatory markers.

CRP is an extremely sensitive, nonspecific, acute-phase reactant produce in response to most forms of tissue injury, infection, and inflammation, and regulated by cytokines, including IL-6, IL-1 and TNF-alpha [24-26]. There is substantial evidence that CRP may contribute directly to the pathogenesis of atherothrombosis. CRP is ligand binding protein that binds to the plasma membranes of damaged cells. Aggregated but not soluble native CRP selectively binds LDL and VLDLcholesterol from whole plasma and could thereby participate in their atherogenic accumulation [27-29]. Complexed CRP also activates complement and can be proinflammatory. However, there are conflicting reports about the presence of CRP in atheromatous lesions, and claims that CRP affects platelet functions are also controversial [30-32]. The capacity of CRP to enhance tissue factor production suggests a possible causative link between increased CRP values and coronary events. The stimuli responsible for the generally modest elevations in plasma CRP predictively associated with coronary events are not known. They may arise in the atheromatous lesions themselves and reflect the extent of atherosclerosis and the local inflammation that predisposes to plaque instability, rupture, and occlusive thrombosis. On the other hand, increased CRP production may result from inflammation elsewhere in the body that is somehow proatherogenic and procoagulant. This latter alternative is in accord with the results of Suzuki et al. [23], since they found no significant differences in systemic or culprit coronary lesion of hs-CRP levels, suggesting rather a systemic production of acute phase CRP at the initiation of the ACS.

The complex interplay between factors intrinsic to the plaque and extrinsic events leading to coronary thrombosis is not yet completely understood. Coronary instability is thought to reflect local disruption of the vulnerable plaque. Postmortem studies in patients dying of AMI have consistently found inflammatory cell infiltration at the site of rupture of the culprit atherosclerotic plaque, thus suggesting that it might play a key role in determining Plaque disruption [16,33]. The demonstration of a higher prevalence of inflammatory cells in patients with ACS confirms the evidence accumulated over the past few years that atherosclerosis is an inflammatory disease [34]. It was reported that there is a significant and transient increase in activated T lymphocytes in the peripheral blood of patients with unstable angina [35], and Caligiuri et al. [36] found a specific proliferative response to proteins contained at the atherectomy specimens of unstable angina patients but not stable patients, thus suggesting that the antigenic triggers might be located at the site of the culprit lesion. These findings are in accord with those of Suzuki et al, since they found a significantly greater level of IL-6 and MMP-9 in culprit coronary lesion than in systemic levels [23]. Spagnoli et al. [37] suggested that acute MI is associated with activation of T lymphocytes, which in turn, with the release of interferon-gamma and other cytokines results in diffuse activation of various cellular types, including smooth muscle cells and monocytes and macrophages. Several observations support the concept that plaque instability is not merely a local vascular accident but probably reflects more generalized pathophysiologic processes with the potential to destabilized atherosclerotic plaques throughout the coronary tree. Cell activation in atherosclerotic plaques can cause severe detrimental effects through a variety of different mechanisms, including thrombogenecity due to tissue factor expression, matrix degradation cause by enhanced release of matrix metalloproteinases, and vasoconstriction caused by enhanced release of endothelin [37,38]. The triggers responsible for diffuse cell activation throughout the whole coronary circulation of patients with ACS are likely to be multiple and may have a coronary or even non-coronary location.

In a very interesting and well performed investigation, Cusack et al. [39] demonstrated that there is an intracardiac inflammatory response in unstable angina that appears to be the result of low-grade myocardial necrosis. The ruptured plaque does not appear to contribute to the acute phase response. They performed measurents of inflammatory markers in blood sampled at the aortic root, at the coronary sinus, and distal to the culprit coronary lesion.

There was no difference in the levels of tumor necrotic factor-alpha (TNF-alpha) or IL-6 between the proximal and distal coronary artery despite the presence of a transcardiac cytokine gradient between the aortic root and coronary sinus. The rise in the level of both IL-6 and TNF-alpha between the aortic root and coronary sinus in patients with unstable angina suggests an intra-cardiac synthesis of these substances. They found no gradient in cytokine concentrations between the aortic root and the coronary vessel distal to the culprit lesion suggesting that the inflammatory response appear to lie within the downstreem myocardium. The relationship they found between intracardiac cytokine synthesis and troponin T elevation further suggests that the inflammatory response is related to necrosis within the myocardium [39]. Interestingly, patients with ACS and elevated levels of IL-6 experiment a further significant level increase post-angioplasty. Percutaneous coronary intervention in ACS patients is known to be associated with distal embolization within the coronary artery of platelet microthrombi and a significant risk of periprocedural AMI [40-42]. Therefore, this further significant increase of IL-6 after angioplasty might be related to myocardial microinfarction from platelet microaggregate embolization. The elevation of inflammatory markers in this setting would suggest that the inflammatory response is related to necrosis within the myocardium.

Although atherosclerosis is clearly multifactorial, it is now universally recognized that inflammation within the lesions contributes importantly to their initiation and progression [2]. Histo-pathological and immune-cytochemical observations suggest that active inflammatory processes may destabilize the fibrous cape tissue triggering plaque rupture and enhancing the risk of coronary thrombosis. Prospective epidemiological studies have shown a strong and consistent association between clinical manifestations of atherothrombotic disease and systemic marker of inflammation. However, larger studies are needed to determine the effectiveness of these markers in risk stratification and also to test their role in patients undergoing percutaneous coronary intervention. Indeed, further studies are warranted, as an improved understanding of this inflammatory process may lead to novel therapeutic approaches and better application of currently available therapies. There is no doubt that the constant refinements in the different therapeutic strategies, the combination of scientific understanding in the adequate utilization of novel inflammatory markers, the new pharmacologic agents, and the new techniques in PCI with newer drug-eluting stents [43-49] will dissipate our doubts and ameloriate our therapeutic management in ACS based on medical evidence. A lot has been accomplished in characterizing the source of inflammation in ACS. However, the investigation must go on to clearly define the systemic, coronary plaque or myocardial source of inflammation to improve the therapeutic manneuvers to manage this very complex entity.
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